Abstract: Traumatic brain injury (TBI) is associated with psychiatric illness, suicidal ideation, suicide attempts, and completed suicide. We investigated the relationship between mild TBI and other risk factors for suicidal behavior in major depressive episode. We hypothesized that mild TBI would be associated with suicidal behavior at least partly because of shared risk factors that contribute to the diathesis for suicidal acts. Depressed patients (N ϭ 325) presenting for treatment were evaluated for psychopathology, traumatic history, and suicidal behavior. Data were analyzed using Student t -test, chi-square statistic, or Fisher exact test. A backward stepwise logistic regression model (N ϭ 255) examined the relationship between attempter status and variables that differed in the TBI and non-TBI patients. Forty-four percent of all subjects reported mild TBI. Subjects with TBI were more likely to be male, have a history of substance abuse, have cluster B personality disorder, and be more aggressive and hostile compared with subjects without TBI. They were also more likely to be suicide attempters, although their suicidal behavior was not different from that of suicide attempters without TBI. Attempt status was mostly predicted by aggression and hostility, but not the presence of TBI. Of note, for males, a history of TBI increased the likelihood of being a suicide attempter, whereas the risk was elevated for females regardless of TBI history. Our data suggest that suicidal behavior and TBI share antecedent risk factors: hostility and aggression. Future studies may yield confirmation using a prospective design.
T raumatic brain injury (TBI) has an incidence that ranges between 132 and 367/100,000 people per year (Sorenson and Kraus, 1991) , and mild uncomplicated closed brain injury represents 70% to 90% of all cases hospitalized for brain injury (Sorenson and Kraus, 1991) . TBI is associated with high rates of psychiatric illness (Kishi et al., 2001; Silver et al., 2001) , suicidal ideation (Kishi et al., 2001; Leon-Carrion et al., 2001) , suicide attempts (Silver et al., 2001) , and completed suicide (Teasdale and Engberg, 2001 ). Braininjured people appear to have higher rates of depressive disorders, anxiety disorders, and substance abuse or dependence (Hibbard et al., 1998; Holsinger et al., 2002; Koponen et al., 2002; Silver et al., 2001 ) and often have suicidal plans or behavior in the context of these illnesses (Kishi et al., 2001) .
Many of the studies investigating the relationship between suicidal behavior and traumatic brain injury use epidemiologic strategies (Silver et al., 2001; Teasdale and Engberg, 2001) or investigate populations presenting for treatment or evaluation of traumatic brain injury and/or its sequelae (Kishi et al., 2001; Koponen et al., 2002; LeonCarrion et al., 2001) . Furthermore, studies often imply that the TBI causes or precipitates depressive symptoms or suicidal ideation (Holsinger et al., 2002; Koponen et al., 2002; Persinger, 1994) .
We have previously reported that suicide attempters have an increased rate of traumatic brain injury compared with patients with no history of suicide attempts (Mann et al., 1999) . Suicide attempts are also associated with female gender, disrupted marital status, adverse life events, the presence of cluster B personality disorder (CBPD), aggression, impulsivity, a childhood history of abuse, psychoactive substance use disorders, and the presence of a psychiatric disorder, most commonly major depression.
In this study, we investigated the relationship between mild traumatic brain injury and other risk factors for suicidal behavior in a population of depressed patients presenting for treatment of a major depressive episode, bipolar or unipolar type. We hypothesized that mild traumatic brain injury would be associated with suicidal behavior, but that this relationship would be at least partly a result of shared risk factors with suicidal behavior in general.
METHODS

Subject Characteristics
Patients age 18 to 75 were referred for admission to the general clinical research unit by clinical and emergency services both within and outside the medical center. Inpatients with a DSM-III-R major depressive episode (major depressive disorder, bipolar disorder; N ϭ 325) based on the Structured Clinical Interview for DSM-III-R (American Psychiatric Association Task Force, 1987) were enrolled after giving written informed consent as required by the Institutional Review Board for participation in biological studies of mood disorders and suicidal behavior. All patients had a physical examination and routine blood tests, including urine toxicology. Exclusion criteria included active medical conditions that could confound diagnosis and clinical characterization of psychopathology and severe TBI, defined as reported substantial injury or loss of consciousness (LOC) for more than 5 minutes. Thus, depressed subjects with more severe TBI were excluded.
Instruments
Patients were evaluated for Axis I disorders using a semi-structured interview, the Structured Clinical Interview for DSM-III-R Diagnosis-Patient Version (American Psychiatric Association Task Force, 1987) , and Axis II using the Personality Disorders Examination (Loranger et al., 1987) and the Structured Clinical Interview for DSM-IV Diagnosis of Axis II Disorders (First et al., 1996) . Acute psychopathology was assessed for the 2 weeks before study entry. Depressive symptoms were assessed by a research clinician using the 17-item Hamilton Depression Rating Scale (Hamilton, 1960) and via patient self-report with the Beck Depression Inventory (Beck et al., 1961) . Hopelessness was measured with the Beck Hopelessness Inventory (Beck et al., 1974) . Lifetime aggression and hostility were measured by the Brown Goodwin Scale (during childhood and adulthood; Brown et al., 1979) and the Buss Durkee Scale (adulthood only; Buss and Durkee, 1957) , respectively. Impulsivity was measured by the Barratt Impulsivity Scale (Barratt, 1965) . The Reasons for Living Scale (Linehan et al., 1983) was used to assess possible protective factors against suicide attempts. Life stressors were measured using the St. Paul Ramsey Questionnaire. Overall level of functioning was measured by the Global Assessment Score (Endicott et al., 1976) .
Traumatic history was assessed using the Columbia Baseline Demographic Form, on which the patient's report of a history of a TBI with LOC, duration of LOC, posttraumatic amnesia, posttraumatic headaches, and childhood physical or sexual abuse were coded as being present or absent. The TBI was defined as a reported injury to the head. Cases were included if LOC lasted less than 5 minutes and the injury was mild enough to cause no enduring neurological signs or cognitive impairment that lowered performance IQ below age-adjusted average. Thus, some patients who would have qualified for mild TBI (5 minutes Ͻ LOC Ͻ 20 minutes) were not included. Fifty-eight percent of all subjects reporting TBI acknowledged LOC.
A suicide attempt was defined as a self-destructive act with some degree of intent to end one's life. The number, method, and degree of medical damage were recorded for suicide attempts on the Columbia Suicide History Form (Oquendo et al., 2003) . The Scale for Suicidal Ideation (Beck et al., 1979 ) measured suicidal ideation during the 2 weeks before admission to hospital. Attempts were characterized using the Suicide Intent Scale (Beck et al., 1975) and the Lethality Rating Scale (Beck et al., 1975) to assess degree of medical injury resulting from the most medically damaging attempt.
Statistical Methods
Clinical and demographic variables were examined using the Student t -test for continuous variables and the chi-square statistic or Fisher exact test for categorical variables to determine which variables to enter into a regression analysis. A backward stepwise logistic regression model (N ϭ 255) included subjects for whom all variables were available. This regression model was built to examine the relationship among gender, attempter status, and the clinical variables that differed in the TBI and non-TBI patients. Four of the variables that differed between TBI and non-TBI patients-aggression, hostility, history of substance abuse, and presence of CBPD-were highly correlated and thus were subjected to a principal components analysis to generate four independent factors. The first principal component explaining most of the variance was heavily loaded on aggression, hostility, and CBPD. Then, the logistic regression model was built with attempter status as the dependent variable and TBI, gender, four principal components, and two interaction terms as the independent variables. The two interaction terms were also entered into the model because of the relationship between gender and the presence of a history of TBI and between the first principal component and a history of TBI.
RESULTS
The sample was 56% female and had a mean age of 39 years (SD, 13). Forty-four percent of all subjects reported a history of mild TBI. The mean time since TBI in these subjects was 20 years (SD, 11). Subjects with TBI were more likely to be male (51% vs. 36%; chi-square ϭ 5.72; p ϭ .017), be married (24% vs. 15%; chi-square ϭ 4.04; p ϭ .045), have a history of substance abuse (61% vs . 41%; chi-square ϭ 12.58; p ϭ .000 ‡), have CBPD (53% vs . 38%; ) and hostile (38.9 Ϯ 11.8 vs . 33.5 Ϯ 11.7; t ϭ 3.55; df ϭ 265; p ϭ .000 ‡ ) compared with subjects without TBI. They were also more likely to be suicide attempters (60% vs. 47%; chi-square ϭ 4.47; df ϭ 1; p ϭ .035). However, suicide attempters with TBI did not differ in age at first suicide attempt, suicidal ideation, suicide intent, number of suicide attempts, or maximum lethality of the suicide attempts from suicide attempters with no history of TBI. The groups also did not differ in rates of bipolar disorder (data available on request).
In analyses examining only subjects with TBI, we found that compared with TBI suicide attempters (N ϭ 65), TBI nonattempters (N ϭ 44) had lower aggression scores (23.6 Ϯ 5.9 vs. 17.4 Ϯ 4.3; t ϭ 6.07; df ϭ 99.6; p Ͻ .000), had less hostility (41.6 Ϯ 11.0 vs. 35.2 Ϯ 12.0; t ϭ 2.61; df ϭ 86; p ϭ .011), were less likely to have CBPD (70% vs. 26%; chi-square ϭ 18.37; p ϭ .000), and were less likely to have a history of substance abuse (74% vs. 56%; chi-square ϭ 10.42; p ϭ .001). They did not differ in other clinical or demographic variables.
Data reduction using principal components analysis generated four factors (PCs; data available on request). The first PC, PC1, loaded most heavily onto aggression, hostility, and CBPD. PC2 loaded onto substance abuse most prominently, PC3 loaded onto hostility and CBPD, and PC4 loaded mostly onto aggression.
The backwards stepwise logistic regression showed that attempt status was predicted by two of the PCs: PC1 or mostly aggression/hostility factors (p ϭ .000), and PC4 mostly aggression factors (p ϭ .066). Attempter status was also predicted by the interaction between TBI and gender (p ϭ .003). That is, for males, a history of TBI increased the likelihood of being a suicide attempter, whereas the risk was elevated for females regardless of TBI history. However, TBI itself, two other principal components, and the interaction between TBI and PC1 aggressive/hostility factors were not significant contributors to the model. This model classified 68% of attempters and 71% of nonattempters correctly. Of note, the subjects with TBI also reported more aggressive behavior during childhood compared with subjects without TBI (14.3 Ϯ 4.2 vs. 12.8 Ϯ 3.6; t ϭ 2.25; df ϭ 150; p Ͻ .03). All subjects had higher adult aggression scores compared with childhood scores, but those with TBI had a larger increase in scores compared with non-TBI subjects (5.6 Ϯ 4.3 vs. 3.9 Ϯ 4.2; t ϭ -2.28; df ϭ 157; p Ͻ .02).
Eighty percent of the suicide attempters with TBI made their first attempt after the brain injury. In subjects with TBI, the TBI occurred at a mean age of 16 Ϯ 11 years, the first suicide attempt at age 25 Ϯ 12 years, the onset of the first major depressive episode at age 25 Ϯ 12 years, and the first psychiatric hospitalization at age 28 Ϯ 11 years.
DISCUSSION
Consistent with the literature on TBI, we found that depressed subjects with mild brain injury were more likely to be male (Sorenson and Kraus, 1991; Teasdale and Engberg, 2001 ) and have a substance abuse history (Hibbard et al., 1998; Silver et al., 2001 ) than depressed subjects with no history of TBI. As many as 40% of TBI subjects reported substance use problems before their injury, and 28% still met criteria for substance use disorder years after TBI (Hibbard et al., 1998) . Although some studies have reported that alcohol abuse among TBI victims is no more prevalent than in the general population (Deb et al., 1999) , TBI frequently occurs during intoxication, suggesting that substance use or abuse has an important relationship to TBI (Corrigan, 1995) .
In this sample of depressed subjects, level of depression, hopelessness, perceived reasons for living, presence of psychosis, family history of depression, or number of stressors did not differ between the brain-injured and non-braininjured. Of interest, except for male gender, all of the variables that differed in the TBI versus non-TBI groupshistory of substance abuse, aggression, hostility, and the presence of CBPD-have been shown in our previous work to be associated with suicidal behavior (Mann et al., 1999) . Our stress-diathesis model posits that suicidal behavior is determined by the presence of a diathesis, or tendency to act on suicidal thoughts, and a stressor that determines the timing of the behavior. The diathesis includes aggression, impulsivity, childhood history of abuse, and CBPD. Stressors include the presence of a major depressive episode or life events. TBI may act as a stressor, precipitating psychiatric illness and suicidal behavior, or on the diathesis via frontal lobe injury leading to disinhibition and a tendency to act on impulses. These are both plausible explanations for its association with suicidal acts. Alternatively, TBI may share antecedent risk factors such as aggression and impulsivity with suicidal acts and derive its association with this type of behavior indirectly.
Traumatic Brain Injury, Aggression, and the Risk of Suicidal Behavior
The higher proportion of attempters in the brain-injured, depressed group is consistent with the report by Silver et al. (2001) that brain-injured people in the community were at higher risk for suicidal behavior after controlling for the presence of a psychiatric condition. However, attempters with TBI did not differ from suicide attempters without TBI in terms of the severity or frequency of suicidal behavior or age of first suicide attempt.
TBI has been suggested to increase the predisposition to suicidal acts and to aggression because of damage to brain ‡ Remain significant after Bonferroni correction (multiply by 14).
Oquendo et al.
The Journal of Nervous and Mental Disease • Volume 192, Number 6, June 2004 regions involved in executive function, especially behavioral inhibition (Anderson and Silver, 1998) . In our sample, suicide attempts preceded the TBI in 20% of the brain-injured subjects. In addition, in the 150 cases for whom childhood history of aggression was available, brain injured people were more aggressive before 12 years of age compared with those with no TBI history. This finding suggests that higher levels of aggressive behavior antedated the TBI, which on average occurred at approximately 16 years of age. Together with the results of the logistic regression analysis showing that TBI did not predict suicide attempter status, but aggression/hostility did, these findings suggest that the relationship between TBI and suicidal behavior is not simply causal. Instead, both TBI and suicidal behavior may be consequences of excessive aggressivity, leading to the reported association between these two factors. Indeed, Sorenson and Kraus (1991) report that young men are at highest risk for TBI, and this subpopulation is known to have higher levels of aggression as well. Our findings are also consistent with those from an epidemiological prospective study of children who suffered injury between 5 and 10 years of age and determined that the children with TBI showed increased levels of aggression before the injury (Bijur et al., 1988) . Another study of TBI in childhood suggests that behavioral problems were present before the TBI and were associated with the development of post-TBI psychiatric sequelae (Max et al., 1997) . But the relationship between TBI and suicidal acts appears not to be explained by shared antecedents alone. TBI subjects in our sample had a larger increment in adult aggression scores compared with their childhood aggression scores than non-TBI subjects. Thus, the occurrence of TBI may have contributed to further increasing aggressive behavior in this population. It is likely that the subsequent increased aggression that follows TBI increases future suicide risk.
The differential effects of TBI in males versus females suggest that the path to suicidal behavior differs by gender. Perhaps TBI does not increase risk for suicidal behavior in females because the occurrence of suicidal acts is less related to aggression and impulsivity factors in women than in men. Teasdale and Engberg (2001) report that suicide risk increases more for women than men after TBI. Whether this is related to increased risk for post-TBI depression in women or other factors is unknown. All of our subjects had major depression. Thus, if risk for suicide attempts in women is related to the presence of major depression and not aggressive behavior, this may explain why in this sample, the presence of suicide attempts in women was not explained by a history of TBI. Further work is needed to clarify these gender-related differential effects.
The degree to which head injuries are the result of failed suicide attempts also requires further study. In their large epidemiologic study, Teasdale and Engberg (2001) reported that there were significantly more suicide completions in patients with concussions, cranial fractures, and contusions or intracranial hemorrhage compared with the general population. However, they also found that subsequent suicide was much more likely in those whose TBI was documented to be the result of a suicide attempt (odds ratio, 6.9). Klonoff and Lage (1995) reported that 14 of 111 (12.6%) patients presenting for rehabilitative treatment of the sequelae of head injuries had suicidal ideation, and two patients (1.8%) committed suicide. Of those brain-injured subjects who had suicidal ideation, 42.9% acknowledged that their original injury was a consequence of an impulsive or self-destructive act, and 14.3% had injured themselves while attempting suicide. Tate et al. (1997) reported that in eight of 896 subjects with TBI who unequivocally committed suicide, two had previous suicide attempts. Tate et al. (1997) also reported that six of eight eventual suicide victims showed poor problem-solving skills and inflexibility on neuropsychological testing. Difficulties with problem solving were also reported by Leon-Carrion et al. (2001) . We have recently reported that suicide attempters with high-lethality acts have impairments of executive function compared with low-lethality depressed attempters, depressed nonattempters, and healthy volunteers (Keilp et al., 2001) . Prospective studies of neuropsychological functioning of those at risk for TBI would be very difficult, but the available data again suggest some shared features between suicide attempters and people with TBI.
Relationship Between Traumatic Brain Injury and Other Psychopathology
We examined the frequency of bipolar disorder in the brain-injured group to ascertain whether some of the risk for TBI was related to episodic aggressive or impulsive behavior related to manic behavior, but found no difference in rates of bipolar disorder in the brain-injured depressed group compared with the non-brain-injured depressives. Although there are case reports of the development of bipolar disorder, more systematic studies do not suggest that the rate of bipolarity is elevated after TBI (Koponen et al., 2002) . In fact, a study of schizophrenia and bipolar pedigrees showed that TBI was associated with schizophrenia but not bipolar illness once age and sex were controlled for (Malaspina et al., 2001) .
Subjects with traumatic brain injury living in the community have been reported to be more likely to meet criteria for a CBPD, especially borderline personality disorder (Hibbard et al., 2000) , although a recent study noted very low rates in a cohort of 60 brain-injured people followed for more than 30 years (Koponen et al., 2002) . In a study of children, Max et al. (1998) report that the second most common personality change after TBI is development of the aggressive type. Although personality disorders are attributed to post-TBI personality changes (Hibbard et al., 2000) , data gathered retrospectively may bias the attribution of causality because
The Journal of Nervous and Mental Disease • Volume 192, Number 6, June 2004Mild Traumatic Brain Injury in Major Depression of the subject's perception that the brain injury is responsible for the presence of symptoms. In our sample, the diagnosis of Axis II was made years after the TBI occurred-on average, in late adolescence, at which time personality is still in development. Thus, we cannot rule out that the TBI led to the development of CBPD.
The generalizability of our study is limited because it included only inpatients, half of whom were suicide attempters. In addition, we excluded severe TBI or prolonged LOC. Limitations include the fact that history of TBI was obtained by self-report and the study's retrospective nature. Nonetheless, our data suggest that suicidal behavior and TBI share antecedent risk factors: hostility and aggression. These findings clearly indicate the need for further studies to uncover the nature of the association between suicidal behavior and TBI.
